The present study, carried out in the period 2008 -2009, covered some morphological and anatomical features of the flowers of Polemonium caeruleum L. and their nectar production rate in the climatic conditions of the Lublin region. Observations were made with stereoscopic, light and scanning electron microscopy. Nectar production in the flowers was determined using the pipette method.
INTRODUCTION
The genus Polemonium belongs to the family Polemoniaceae that includes 18 genera and 316 species. Many of them are found in the temperate and subtropical climate zones (K o r n a ś and M e d w e c k a -K o r n a ś , 2002).
Jacob's ladder (Polemonium caeruleum L.) grows in the natural environment in moist areas of the north-eastern part of Poland (Z a j ą c and Z a j ą c , 2001; M i r e k and P i ę k o ś -M i r k o w a , 2008).
Its generic name comes from the name of the mythical king of Pontus, Polemon, while the second component of its name is derived from the word caelum that means "heaven", probably due to the blue colour of the corolla (R e j e w s k i , 1996).
Polemonium caeruleum is a rhizomatous perennial with an erect stem growing up to a height of 120 cm. It flowers from June to August. Its blue flowers with a diameter of 3 cm are borne on short pedicles and clustered in an apical panicle composed of cymes (R u t k o w s k i , 2008; W i t k o w s k a -Ż u k , 2008).
This species belongs to protected plants. The threat to this species arises from changes in habitat conditions taking place due to land drainage (S z w e y k o w s c y , 1993). Jacob's ladder has been It has been shown that the flowers of several taxa of the genus Polemonium are pollinated by honey bees, bumble bees, and wasps (G a l e n and N e w p o r t , 1987; G a l e n and S t a n t o n , 1989; G a l e n and G e i b , 2007; H i l l et al. 2007) .
The aim of the present study was to examine some morphological and anatomical features of the flowers of P. caeruleum as well as to determine nectar forage provided by this species in the climatic conditions of the Lublin region.
MATERIALS AND METHODS
The study of the structure of the flowers and nectar production of Polemonium caeruleum L. was conducted in the period 2008 -2009 . The plants came from the Botanical Garden of the Maria Curie-Skłodowska University in Lublin. Initial observations and morphometric measurements were performed on selected floral elements and photographic documentation was made using a stereoscopic microscope equipped with a NICON COOLPIX 4500 camera.
Flowers for examination were sampled at the initial flowering stage. Portions of sepals, staminal filaments, the stigma of the pistil, and the ovary with the nectary were fixed in 4% glutaraldehyde at room temperature for 6 hours and in 0.1M phosphate buffer with a pH of 7.0 at 4ºC for 24 hours. The fixed plant samples were postfixed in 1% OsO 4 for 2 hours and stained in a 0.5% aqueous solution of uranyl acetate. After dehydration in alcohol and acetone series, the plant material was critical-point dried in liquid CO 2 in an EMITECH K850 drier, and then it was coated with gold using an EMITECH K550X sputter coater. Observations of the trichomes on the sepals and staminal filaments, the papillae on the stigma surface, and of the location of the nectaries were made in a TESCAN VEGA II LMU scanning electron microscope (SEM).
After dehydration ethanol series, the fixed samples were embedded in Spurr's low viscosity resin. 0.8 -1 μm thick sections were cut with a glass knife on a Reichert Ultracut S microtome. The semi-thin sections were stained with toluidine blue and observed in a Nikon Eclipse 400 light microscope. In the slides for fluorescence microscopy (Nikon Eclipse 90i) analysis, auramine staining was used (W ę d z o n y , 1996). The PAS reaction was applied to detect starch (N e v a l a i n e n et al. 1972).
The nectar was collected at full flowering stage, using the pipette method described by J a b ł o ń s k i (2003), in five samples and three replicates. The amount of nectar secreted by 5 -10 flowers throughout their whole lifetime was one sample.
RESULTS
Calyx. The blue flowers of Polemonium caeruleum have a 5-sepalled calyx, which is much shorter than the corolla with fused petals ( Fig. 2A, B) . In crosssectional view, the calyx is made up of 4 -6 cell layers, including the epidermis and parenchyma (Fig. 2F) . The parenchymal cells adjacent to the epidermis have a much smaller diameter than the cells of the other layers of this tissue. In their parietal cytoplasm, there occur numerous plastids that contain starch grains (PAS reaction) (Fig. 3D ). The abaxial epidermal cells of the calyx form densely growing glandular and non-glandular trichomes (Figs 2C -G; 3A -C, E, F).
The glandular trichomes in the epidermis of the calyx are composed of a several-celled (2 -6) stalk with a length ranging 131 -249 μm and a four-celled head with a height of 24 -31 μm and a diameter of 31 -43 μm (Figs 2C, E -G; 3A, B). The protoplast of the head cells showed intense fluorescence (Fig. 3 B) .
The non-glandular trichomes are found most frequently on the calyx; they are much shorter than the glandular hairs and composed of 2 -3 cells (Figs 2E, F; 3A, C, E, F), less frequently 4 -5. A striated cuticle occurs on the surface of both types of hairs (Fig. 2F) .
Corolla and staminal filaments. At the boundary of the corolla tube and the lobes, there is white colouration. Three violet nectar guides, in the form of branched lines, are visible on each lobe ( Fig. 2A) . Non-glandular trichomes, most frequently composed of 2 -3 cells, and glandular trichomes with a short unicellular stalk grow on the corolla between the bases of the free staminal filaments (Fig. 3G, H) . The filaments of five stamens are bent towards the pistil above the point of attachment to the corolla (Fig.  2D) . The epidermis covering the filaments at this place, from the adaxial side, forms numerous trichomes. Multicellular uniseriate and two-branched non-glandular trichomes were observed among them (Fig. 4A, B) . The cuticle on their surface was smooth (Fig. 4B) .
Pistil. In the flowers of Polemonium caeruleum, the pistil develops a superior ovary (1.6 mm in diameter), a long violet style (13.3 mm), and a three-parted stigma ( Fig. 2A) . The cuticle is smooth on the surface of the epidermal cells of the ovary. The stomata are found at higher density near the place where the carpels are fused. The guard cells are located at the level of other epidermal cells of the ovary (Fig. 4C) .
In the adaxial epidermis of the stigma, numerous elongated papillae (75 -95 μm) grow densely ( Fig. 4D -H) . The cuticle forms longitudinal striae on their surface (Fig. 4E) . The unicellular papillae are not fused together. A large cell nucleus located at their base and fine vacuoles are found in the protoplast of these structures (Fig. 4F -H) . Between the papillae, pollen grains were observed at some places (Fig. 4D,  E) . These grains are multiporate with vermiculate, striate sculpture of the exine surface (Fig. 4E) .
Nectar secretion. In the flowers of Polemonium caeruleum, droplets of nectar are visible already at bud burst. The nectar is secreted by the nectariferous disc situated around the ovary (Figs 2D; 4C) . The green-coloured nectary forms free projections. A sweet secretion initially accumulates in the form of droplets on the surface of the nectary epidermis, then it flows down to the lower part of the corolla tube, whence it is collected by pollinating insects, mainly honey bees (Fig. 2B) .
The weight of nectar secreted throughout the flower lifetime ranges between 2.56 and 4.25 mg, while sugar concentration in the nectar averages 41.8%, with its extreme values of 29% and 52%. Sugar weight is in a range of 1.07 -1.78 mg/flower (Fig. 1) . 
DISCUSSION
The blue colour of Polemonium caeruleum flowers is determined by delphinidin present in the petals (H a r b o r n e , 1997). According to many authors, Apis mellifera prefer flowers in blue, yellow or white colour as the dominant colours (S z a f e r and W o j t u s i a k o w a , 1969; K u g l e r , 1970; ; H a rb o r n e , 1997). In the investigated flowers, various floral elements have such colours: corolla lobes, stamen heads as well as the glistening trichomes of the corolla and filaments. These hairs close the entry into the corolla tube, protecting the nectar accumulated in it against small insects and evaporation, likewise in other species (S z a f e r and W o j t u s i a k o w a 1969; K u g l e r , 1970; E s a u , 1973; W e r k e r et al. 1994; H a r b o r n e , 1997).
The trichomes on the epidermal surface of the calyx consist of a several-celled stalk and a four-celled head. A different type of hairs growing on the abaxial surface of the calyx of Polemonium reptans is described by S c h ö n e n b e r g e r (2009). The trichomes presented by this author form a severalcelled stalk and a unicellular head. Compared to the data obtained by the present author, in P. caeruleum there are differences relating to the structure of the trichome head. Two types of glandular hairs, with a unicellular or multicellular head, have also been observed in other plant species of the family Polemoniaceae (M e t c a l f e and C h a l e ,1979; S c h ö n e n b e rg e r , 2009).
Numerous multicellular uniseriate and branched non-glandular trichomes as well as short-stalked glandular hairs are observed at the base of the lobes and staminal filaments in the studied flowers. On the basal surface of the lobes and stamens in the flowers of several Polemonium caeruleum subspecies, K o j i (1983) distinguished three groups of hairs: short trichomes composed of 3 -5 cells, long covering trichomes made up of 6 -9 cells, and glandular trichomes. In the presented study, a different, dichotomously branched type of non-glandular trichomes was observed.
According to E s a u (1973) and K o j i (1983), the structure of the secretory trichomes can be helpful in taxon identification. An important function of essential oils secreted by them is to lure pollinators (E s a u , 1973; H a r b o r n e , 1997).
The glandular epidermis of the tripartite stigma in the flowers of P. caeruleum develops unicellular papillae on the entire adaxial surface. S c h ö n e nb e r g e r (2009) described a similar location of these structures on the sigma of Polemonium reptans.
In the flowers in question, the papilla cells are elongated and free. Their protoplasts are characterized by a large nucleus, a dense cytoplasm, and tiny vacuoles. The papillae are responsible for creating optimal conditions for the development of the pollen tube and its penetration into the stigma structures (E d l u n d Taking into account the fact that P. coeruleum is threatened with extinction and that its flowers produce nectar abundantly and are attractive to Apis mellifera, this species should be recommended for plantings of different types as an enrichment of food resources for pollinators.
